We have recently improved the technique of the isolated perfused rat kidney by addition of amino acids to the perfusion solution. Utilizing this improved preparation, we examined to what extent chronic acid-base status can alter H+ and/or bicarbonate transport in the whole kidney and the effect of acetazolamide (10-4 M) on this process. Kidneys from rats that had been drinking tap water (control), 1.5% NH4C1 (acidotic), or 1.5% NaHCO3 (alkalotic) were perfused with a solution of identical pH and PCO2. During the control period, the fractional bicarbonate reabsorption was higher in acidotic rats than in control rats by 1.0% and urine pH was lower than those in control. On the other hand, the two parameters were not different between control and alkalotic rats. Acetazolamide increased urine pH and decreased the fractional bicarbonate reabsorption in all, but these parameters in acidotic and alkalotic rats were not different compared with those in control. We conclude that adaptive changes of W and/ or bicarbonate transport in chronic metabolic acidosis corresponds to about 1.0% as fractional bicarbonate reabsorption by the isolated perfused kidney and is largely carbonic anhydrase dependent.
- Tsai et al. 1984 ). On the other hand, although quantitative evaluation of adaptive changes in H+ and/or bicarbonate transport has been attempted in the whole kidney in vivo, reduced serum bicarbonate levels in chronic metabolic acidosis make impossible to provide the comparable filtered bicarbonate load with those under normal conditions, and acute correction of it by administering NaHC03 causes volume overload (Levine and Nash 1973). Therefore, it is very difficult to evaluate the quantitative changes of H+ and/or bicarbonate transport in the whole kidney in vivo.
In this regard, the isolated perfused kidney could be the ideal preparation for this purpose. However, in this preparation, an impairement of renal function and urinary acidification was noted (Nizet 1975) . Therefore, adaptive changes of H+ and/or bicarbonate transport were only studied in the distal nephron with an extremely low bicarbonate concentration in perfusion solution which could exclude the large effect of more proximal portions of nephron (Terao and Tannen 1981; Kornandakieti et al. 1983 ).
Recently we demonstrated the improvement of functional state of the isolated perfused rat kidney as the preparation for the study hydrogen transport in the whole kidney by adding an amino acids mixture to the profusion solution (Terao et al. 1985) ; there was a marked increase and stability of the absolute amount and the rate of reabsorption of bicarbonate as well as phosphorus associated with constant urine pH. In the present study, we attempted to estimate quantitative alterations of H+ and/or bicarbonate transport in respose to chronic acid-base changes in the whole kidney by perfusiog kidneys pretreated with acid and alkali with normal bicarbonate perfusion solutions.
METHOD Preparations and experimental procedures
Three groups of male Sprague-Dawley rats were prepared by allowing free access to tap water (control group, n=5),1.5% NH4C1(NH4C1 group, n=5), or 1.5% NaHC03 (NaHC03 group, n=5) for 4 to 11 days. The rats weighing 340 to 400 g were anesthetized with pentobarbital (50 mg/kg, i.p.) and they recieved 1 g of mannitol iv. The ureter was TABLE 1. Amino acid composition of perfusion solution cannulated with PE-10 catheter, the renal artery was cannulated with 18 gauge metal needle without ischemia, and the kidney was removed within 15 min after a laparatomy and perfused in a pulsatile fashion at 37°C using a recirculating system with a reservoir as described previously (Terao and Tannen 1981) .
Before each experiment, perfusion medium was prepared as follows : to 100 ml of 6.7% bovine albumin solution, were added, with 5 mM glucose, 2 ml of concentrated essential amino acid solution (BME amino acid solution, M.A. Bioproducts, Walkersville, MA, USA) and other amino acids individually, of which composition is described in Table 1 as we used previously (Terao et al. 1985) . Equilibrated with 95% 02 and 5% C02, pH of perfusion solution was adjusted to about 7.40.
The perfusion was carried out for 55 min with the last 30 min divided into two clearance periods. Urine and perfusate samples were obtained at 15 min interval during clearance studies. Urine samples were collected under mineral oil.
During the first clearance period, the quantitative evaluation of adaptive changes to chronic acid or alkali ingestion was made with respect to urine pH and fractional reabsorption of bicarbonate. At the end of the first clearance period (control time) acetazolamide 10-4 M was added.
Analysis
Pco2 and pH of perfusion solution, perfusate and urine were measured by a blood gas system (BMS3-MK2, Radiometer, Compenhagen, I)enmark).
Na and K were measured with a flame photometer.
14C-inulin was used for the determination of GFR. A pK' of 6.10 and solubility coefficient of 0.0301 were used for perfusion solution and perfusate.
In the urine, a solubility coefficient of 0.0309 was used. The pK' calculated from urinary ionic strength was 6.33-0.5 (Na+) + (K+) , with the concentration of Na and K being expressed in equivaluents per liter (Hasting and Sendroy 1925) . Paired and non paired Student's t-test were used for the statistical analysis.
RESULT
During the first clearance time (control time) of perfusing kidneys from normal rats or those drinking either acid or alkali, with the perfusion solution of the same pH and Pco2 (Table 3) , urine pH was significantly lower in the NH4C1 group (6.65+0.03) than in the control group (7.00+0.06, p <0.01) (Fig, 1) . In addition, as shown in Fig. 2 , the fractional bicarbonate reabsorption was also increased from the control group (98.3+0.3%) to the NH4C1 group (99.3+0.1%, p <0.01) by 1.0%. However, during the control time, in the NaHC 03 group, there were only tendency of the higher urine pH (7.22±0.15, N.S.) and of the lower fractional bicarbonate reabsorption (97.6+0.8%, N.S.) comparing with those in the control group.
During the control period, with regard to the parameters of renal function and of acid-base (Tables 2, 3) , the values of either the NH4C1 group or the NaHCO3 group compared with those of the control group were not statistically significant except for lower urinary HC03-concentration in the NH4C1 group. The addition of acetazolamide (10-4 M) at the end of the control period, was followed by marked diuresis associated with natriuresis and kaliuresis ( Table 2) . Fig. 1 indicates that the additions of acetazolamide uniformly resulted in significant elevation of urine pH. However, during the acetazolamide period, urine pH and fractional bicarbonate reabsorption in the control group (7.57+0.04, 69.5%, respectively) were not statistically different either from those in the NH4C1 group (7.48±0.02, 74.0±21%) and/or from those in the NaH C 03 group (7.60± 0.03, 73.7±1.8%).
DISCUSSION
The results of the present study show that the enhancement of bicarbonate reabsorption rate was approximately 1.0% associated with a decrease in urine pH in response to chronic NH4C1 drinking. In the present experiments, serum HC03-levels were not measured after the dietary manupulation.
However, the dietary maneuver in the present experiments similar to those of previous studies (Kornandakieti et al. 1983 ) , in which the diet caused significant chronic metabolic acidosis or alkalosis. Therefore, it is reasonable to consider that, in the present experiments, the rats sacrificed for perfusion had chronic metabolic acidosis or alkalosis compared with the control rats.
The adaptation to the chronic acid-base change was noted in the proximal convoluted tubules of the rat and the rabbit (Cogan et al. 1979; Tsai et al. 1984) , the rat distal convoluted tubules (Lucci et al. 1982) , the rabbit cortical and medullary collecting ducts (McKinney and Burg 1977; Laski and Kurtzman 1983; Lombard et al. 1983 ) and the rat papillary collecting ducts (Ulrich and Papavassiliou 1981) , in addition to the rat distal nephron (Terao and Tannen 1981; Kornandakieti et al. 1983 ). The present results do not provide any insight into the localizations of the adaptation in the nephron and the relative contribu- Lions of those segments to it. Nevertheless, this is the first observations with regard to the quantitative changes of adaptation to chronic acid-base alterations in the whole kidney. Because of a considerable variation of the data, urine pH and fractional bicarbonate reabsorption in the NaHC03 group were not different from those in the control group. The reason for this variability is unknown. After acetazolamide was added, there was no statistically significant difference of urine pH and fractional bicarbonate reabsorption between the control group and the other two groups. This observation seems to imply that the adaptation of H+ and/or HC03-transport is largely carbonic anhydrase dependent.
It is well known that, in chronic metabolic acidosis, urinary ammonia excretion increases due both to enhanced renal ammonia production and to decreased urine pH as a result of low blood HC03-concentrations (Alpern et al. 1985) . However, in the present experiments, urinary ammonia excretions was not significantly increased (Table 2 ). This finding could be at least partially explained by the fact that, kidneys were perfusd with a perfusion solution with TABLE 3 . Acid -base parameters normal HC03-concentrations in the present experiments. Since urine pH was not so lowered as seen in ongoing metabolic acidosis, less amount of urinary ammonia was excreted under this particular experimental condition.
In summary, we concluded that the adaptive change of H+ and/or HC03-transport in the whole kidney due to chronic metabolic acidosis is about 1.0% as expressed by fractional bicarbonate reabsorption by using our isolated perused rat kidney model, and that this adaptive response is largely carbonic anhydrase dependent.
